The sensor nodes near to the fixed sink node suffer from the quickly exhausted energy. For this, many methods have been researched to distribute the energy consumption into all wireless sensor nodes using a mobile sink. Since the mobile sink changes its location in the network continuously, it has limited time to communicate with the sensor nodes and needs the time to move to each sensor node. Therefore, before the mobile sink approaches the sensor node, the node can collect huge data by event occurrence. It causes the memory overflow of the sensor node and then the data loss. We propose a novel data gathering method based on a mobile sink considering the data loss in wireless sensor networks. The proposed scheme actively sends the stored data to the mobile sink by considering the amount of collected data in the cluster header and the mobile patterns of the sink node. By doing so, it minimizes the data loss of each sensor node. To show the superiority, we compare it with the existing scheme. Our experimental results show that our proposed scheme minimizes the data loss and has similar network lifetime over the existing scheme based on a mobile sink.
Introduction
With the remarkable development of microelectronic device and wireless communication technologies, sensor nodes used for the sensor network have enabled miniaturization, low cost, and low power. The sensor networks provide information obtained by detection events on interesting targets by taking advantage of sensor nodes. These sensor networks can be utilized in various applications such as the environmental monitoring, building safety monitoring, military applications, home networking, and a variety of commercial and public areas [1, 2] . The sensor nodes used for these sensor networks generally use small built-in batteries. The lifetime of the sensor network is determined by the duration time of the batteries of sensor nodes. Therefore, it is important to maintain the long network lifetime by minimizing the energy consumption of limited batteries in the sensor nodes.
Basically, the sensor network has one or more sink node to deliver to a user by collecting sensing values by the sensor nodes. According to the data gathering method to collect the data in the sink nodes, the sensing values by the sensor nodes are delivered efficiently to a query node without any data-loss. Therefore, the data gathering method by the sink nodes is one of essential technologies. Various data gathering methods based on static sink nodes have been proposed. Figure 1 shows the sensor network based on static sink. It is classified into two categories such as cluster-based methods and tree-based methods. The cluster-based methods firstly select the header nodes based on certain conditions and then construct clusters that consist of nodes near to them. Because the cluster-based methods collect the sensing values from the member nodes and process the data in header nodes before sending the data to the sink node, they have the advantage that energy can be used equally.
LEACH [3] and HEED [4] are the representative clusterbased methods. The tree-based methods create tree-structure based routing paths that a base station which ultimately collects data is a root node. The sensing values from each node are transmitted to the base station along with the tree-structure based routing path. TAG [5] and Cougar [6] are representative tree-based methods. However, these data gathering methods based on a static sink have several weaknesses in order to apply them to practical applications of the sensor networks [7] . First, in a sensor network environment based on a static sink, the network lifetime is shortened by unbalanced energy consumption because of the frequent data transfer in nodes near to the sink node. Second, if the routing distance is longer, data-losses occur frequently. The sensor network deploys a lot of sensor nodes in a wide area and collects interesting environmental information. Due to the limitation of a communication range, sensor nodes use multihop routing to transmit the collected data to a sink node. In this multihop routing, if sensor nodes which intend to transfer data are far from the sink node, more nodes participate in the routing. According to the increase of the sensor nodes, it increases the probability of communication failure and error. To overcome this problem, the data gathering schemes using mobile sinks have been proposed [8] [9] [10] .
As shown in Figure 2 , a mobile sink collects data from each sensor node while it moves the whole network. Therefore, the mobile sink solves a problem of the concentrated energy consumption around the sink node and reduces the data-loss due to the multi-hop routing. However, the mobile sink has a limited communication time to gather the sensing values from the sensor nodes. To overcome the problem, the existing schemes collect the data uniformly from all the sensor nodes in the sensor network [11] . However, the size of an internal memory in a sensor node is still limited. Therefore, if a sensor node can collect huge data by event occurrence, it causes the memory overflow and the dataloss. Therefore, a data gathering scheme should be studied to minimize the data-loss while utilizing the mobility of the mobile sink.
In this paper, we propose a novel data gathering method considering the data-loss in a wireless sensor network based on a mobile sink. The proposed method maximizes the balanced energy consumption in entire sensor nodes due to the mobility of the mobile sink. In addition, the data-loss in the routing path and in the hot-spot area is minimized. To this end, the cluster header nodes send the stored data to the mobile sink by considering the amount of collected data in each cluster header and the mobile patterns of the sink node. To show the superiority of our proposed scheme, we compare it with the existing method based on a mobile sink.
The remainder of this paper is organized as follows. Section 2 overviews the existing data collection method using the mobile sink and analyzes their problems. In Section 3, we present our data gathering method based on a mobile sink for minimizing the data-loss in wireless sensor networks. Section 4 performs the simulated experiments and compares the existing method with the proposed method. Finally, we present concluding remarks in Section 5.
Related Works
In the existing data collection scheme using the mobile sink, while the mobile sink moves along the anchor points as shown in Figure 3 , it collects the sensing data. The sensor network consists of various clusters with sensor nodes. The sensed data in each cluster are collected in the cluster header. The cluster header as an anchor point of a mobile sink is waiting for data collection by the mobile sink. Therefore, before the mobile sink approaches the cluster header, the cluster header can collect huge data. As a result, the memory overflow of the cluster header and the data loss can occur.
The existing scheme considering the data-loss was proposed [12] . Reference [12] is composed of clusters as shown in Figure 4 . After a cluster header of each cluster is first chosen, the mobile sink moves to the most efficient location for data transmission by the cluster header and collects data. Therefore, it reduces energy consumption and minimizes data loss caused by the memory overflow of the cluster header: * = max − toCH .
(1)
The cluster header informs the own location ( toCH ) and the communication range ( max ) to each cluster member. Formula (1) is used to obtain the optimal position of mobile sink. Each member node calculates the * of each cluster header using formula (1) . And then each sensor node calculates the average of the * . The position that the average of the * is the lowest is energy-efficient and minimizes the data loss. The process is repeated during regular rounds determined according to the energy consumption of all nodes. The existing scheme uses the mobility of a mobile sink but causes data loss due to the routing path, the problem of static sink. As the number of nodes increases, the benefits of the mobile sink are reduced since the moving path becomes longer.
Therefore, we propose a novel data gathering method considering the data-loss in a wireless sensor network based on a mobile sink. Our scheme reduces data-loss using the mobility of the mobile sink and multihop routing path. It also minimizes data-loss that occurs due to limited cache memory of sensor nodes in the data hot spot.
The Proposed Data Gathering Method
In the proposed scheme, the base station establishes the moving path between the mobile sink and each cluster header. And then, it builds the moving table for determining the location of the mobile sink. By generating the optimal collection paths for the first data collection, it is possible to minimize data-loss by the lack of internal memory in the cluster headers at the typical data collection. In order to build an optimal collection path, the proposed scheme establishes the shortest collection path that collects the stored data in the cluster headers by the mobile sink by using a convex hull-based algorithm [7] . This algorithm builds the initial collection path based on the maximum radius of the circle. Next, it generates the optimal data collection path by adding the cluster headers in the circle to the initial path. Figure 5 shows the shortest moving path to collect the data. By using this shortest moving path of the mobile sink, it can minimize the data-loss in typical data collection. As shown in Table 1 , the moving path table of the mobile sink is built based on the locations of the cluster headers and shortest moving path of the mobile sink. Table 2 shows the moving path table of the mobile sink. The moving time between cluster headers ( 1, 2) is calculated using formula (2) . The base station generates a moving path table considering the location information of cluster headers and the moving speed of the mobile sink. And then the base station distributes the generated table to each cluster header. By this piece information, the cluster headers can recognize the location of the mobile sink and the data collection time:
In this paper, the proposed scheme is based on the following sensor network environments. In general situations, the data gathering scheme by the mobile sink collects the data based on the constructed moving path. When the cluster header is located in the communication range of the mobile sink during its movement, the mobile sink collects the stored data in the cluster header. However, when a query event occurs as shown in Figure 6 , the cluster header receives the large data by shortening the transmission cycle of the detected node. Accordingly, due to the lack of cache memory in the cluster header, the data-loss can occur. To solve this problem, the proposed scheme uses the data transmission policy as follows. At the deployment of the sensor network, the cluster header sets the preliminary threshold as shown in Figure 7 . When a query event occurs, the cluster member nodes transmit the sensing values to the cluster header. When the amount of the stored data reaches an overflow preliminary threshold in the cluster header, the data overflow event occurs. According to the data overflow event of the cluster header, the stored data in the cluster header are transmitted to the mobile sink.
Formulas (3)-(5) are computational models to determine the way to transmit the stored data in the case of data overflow events. The DCR of formula (3) represents the data collected in the header node for a period of time. The RT of formula (4) also represents the remaining time to reach from the current position of a mobile sink to the overflow cluster header. It is calculated as a GT (total time to traverse all cluster headers by the mobile sink) and a CT (time to collect data by the mobile sink in the current round). DCR and RT are operated when the overflow event occurs. They determine the partial or full data transmission to the mobile sink by predicting whether the overflow occurs using formula (5) :
RT (Remaining Time)
If formula (5) is satisfied, it means that the data collection rate from the cluster member nodes is fast or the mobile sink is far from the cluster header. Therefore, the probability of the overflow occurrence is high until the mobile sink accesses the cluster header. In this case, the cluster header transmits the entire stored data to the moving path of the mobile sink. Figure 8 shows how the entire data are transmitted to the mobile sink. When the cluster header transmits the entire stored data, its memory is empty. Therefore, since the mobile sink is not necessary to visit the cluster header that already transmits the entire stored data, the proposed scheme updates the moving path of the mobile sink.
If formula (5) is satisfied when the data overflow event occurs, the cluster header transmits only partial data as shown in Figure 9 . By doing so, it minimizes the energy consumption and the data loss that occurs in the case of the transmission of the full data. The mobile sink does not traverse the updated path in the partial data transmission unlike the full data transmission as shown in Table 3 . Therefore, if an additional overflow does not occur in the cluster header until the mobile sink accesses it again, the partial data transmission is more efficient. 
Performance Evaluation
To show the superiority of our proposed method, we compare it with an anchor-based mobile sink moving data collection method in various environments. We have developed a simulator based on JAVA to evaluate our proposed scheme and the existing schemes. The performance evaluation was carried out through the simulation parameters in Table 4 . The transmitted data size to a cluster header from sensor nodes is {Size of Sensing value} × {Number of Sensor Nodes}. We assume that 10,000 sensors are deployed uniformly in a 1,000 × 1,000 (m) network field. The energy consumption for sending a message is determined by a constant function ⋅ ( + ⋅ 2 ), where is the message size, is the transmission cost, is the amplification cost, and is the distance of message transmission. We set = 50 nJ/b and = 100 pJ/b/m 2 in the simulation. The energy consumption for receiving a message is determined by a cost function ( ⋅ ), where is the message size and is the transmission cost. We set = 50 nJ/b in the simulation. The preliminary threshold of data overflow in cluster headers in the proposed scheme was set at the 450 Kbytes. Figure 10 shows the amount of the data-loss according to the number of sensor nodes. In the case of the existing scheme, as the number of sensor nodes increases, the number of the transmitted data increases. Therefore, the data-loss increases in the existing scheme. In contrast, when the stored
International Journal of Distributed Sensor Networks data is piled up than a preliminary threshold in the cluster header, our proposed scheme actively sends the stored data to the mobile sink by considering the amount of collected data in the cluster header and the moving patterns of the sink node. By doing so, it minimizes the lost data. Figure 11 shows the network lifetime according to the number of sensor nodes. The existing scheme does not cause additional communication costs since it does not consider the data loss even though the overflow occurs. In the case of the data-overflow, the proposed scheme needs additional communication costs to send the stored data. However, the proposed scheme actively sends the stored data to the mobile sink by considering the amount of the collected data in the cluster header and the moving patterns of the sink node. By doing so, it minimizes additional communication costs. The proposed scheme has similar network lifetime over the existing scheme based on a mobile sink.
Conclusion
In this paper, we have proposed a novel data gathering method based on a mobile sink considering the data-loss in wireless sensor networks. Our proposed scheme actively sends the stored data to the mobile sink by considering the amount of collected data in the cluster header and the mobile patterns of the sink node. By doing so, it minimizes the loss data of each sensor node. It has been shown through various experiments that the proposed scheme reduced the data loss by sending data toward the moving path of a mobile sink. In spite of the minimization of the data-loss, the network lifetime of the proposed scheme is similar to the existing scheme based on a mobile sink. In the future work, we plan to extend our work to apply the proposed scheme to the dynamic clustering environment that considers the changes of the cluster headers.
